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FOREWORD

This report is one of a series intended to inventory the ground
water resources of each county in the Commonwealth. The purpose is
to provide all ground water users, including private citizens, devel-

opers, investors, well drilling contractors, government officials,
- professionals and consultants, with an overview of the ground water
situation as it presently exists throughout Virginia.

Prospective ground water users and others interested in the
development and protection of ground water hopefully will gain in-

sight into the opportunities and advantages inherent in this
invaluable natural resource.

The State Water Control Board remains available for information,
assistance and govermmental action.
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SELECTED CONVERSION FACTORS
ENGLISH UNITS TO INTERNATIONAL SYSTEM (METRIC UNITS)

This report uses a dual measurement system based on English units

and the International System (SI) of metric units. S1 is a consistent

' system of units adopted in 1960 by the Eleventh General Conference of
Weights and Measures. Selected conversion factors are listed below:

Multiply English Units By To Obtain SI Units

Acres 0.4047 hectares

Feet (ft) 0.3048 metres (m)

Gallons 0.003785 cubic metres (m3)

Gallons per day (gpd) b.003785 cubic metres per day (m3/d)
Gallons per minute

(gpm) 0.06309 litres per second (1/s)
Inches ’ 25.4 millimetres (mm)

Miles 1.609 kilometres (km)

Million gallomns

per day (MGD) 3,785.0 cubic metres per day m3/d)
Square miles 2.590 square kilometres (km?2)
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GROUND WATER RESOURCES OF ALBEMARLE COUNTY, VIRGINIA

by

R. McChesney Sterrett and Kenneth R. Hinkle

ABSTRACT

Albemarle County is located in Central Virginia and encompasses
an area of 739 square miles (1,914 square kilometres). The county in-
cludes portions of the Blue Ridge and Piedmont Physiographic Provinces
and is contained within the Unglaciated Appalachian Ground Water Region.

Ground water availability and quality are relatively consistent
across Albemarle County, although availability is significantly in-
fluenced by topographic setting. Draws and flats are the best drilling
sites, and wells drilled at these locations generally produce more water
at lesser depths, Water-bearing zones generally are encountered within
200 feet (61 metres) of the land surface in all areas of the county.
Yields of up to 125 gpm (7.9 1/s) have been obtained in all areas, but
yields of less than 10 gpm (0.6 1/s) are typical, especially in the
southern half of the county. Total dissolved solids content throughout
the county in most cases is less than 150 mg/l. Soft water is pre~
dominant in approximately half the county, while moderately hard to
hard water is found elsewhere. TIron is generally at or below the
0.3 mg/1 drinking water limit established by the Virginia Department
of Health.

Wells developed in the metavolcanic rocks of the Catoctin Formation
have the highest average yield (19 gpm or 1.2 1/s), with yields up to
150 gpm (9.5 1/s) reported along the base of Carter's Mountain and the
Southwestern Mountains. Well yields of up to 50 gpm (3.15 1/s) have
been obtained in the belt east of Charlottesville, but wells developed
in the belt along the east slope of the Blue Ridge typically yield
less than 10 gpm (0.6 1/s). Ground water from the Catoctin Formation
is also the most highly mineralized water and generally exhibits higher
manganese concentrations and hardness.

Average daily ground water withdrawal approaches 3 MGD (15,140 m3/d).
About two-thirds of the total withdrawal is supplied by domestic wells
and springs, and approximately 47 percent of the county's popu-
lation is supplied by ground water. Public ground water systems
withdraw approximately 500,000 gpd (1,893 m3/d). The largest ground
water user, Morton Frozen Foods at Crozet, withdraws an average of
nearly 120,000 gpd (454 m3/d). ‘

No major areas of ground water contamination have been identified,
although local problems are known to exist. Underground petroleum
spills are the most common cause of ground water contamination in
Albemarle County. No documented cases of well interference have been
reported.




INTRODUCTION
Location and Background Information

Albemarle County lies in the central part of the Commonwealth of
Virginia (Plate 1). Bordering counties include Augusta and Rockingham
to the west, Fluvanna and Louisa to the east, Orange and Greene to the
north, and Nelson and Buckingham to the south. Albemarle County was
formed from Goochland County in 1744 and is the fifth largest county
in the state, covering 739 square miles (1,914 km2). The independent
City of Charlottesville is the county seat.

According to the Virginia Department of Planning and Budget, the
1980 population of Albemarle County was projected to be 54,400 and that
of the City of Charlottesville to be 40,000. Peopulation projections for

the year 2000 are 88,400 for the county and 42,600 for the city.

Government employment and manufacturing are the two most important
sources of income. Government employment is furnished principally by
the University of Virginia, located in Charlottesville. Manufactured
products include electrical components, electronic machinery, frozen
food, office equipment and fabric.

Topography and Drainage

Albemarle County is situated within two physiographic provinces:
The Blue Ridge Physiographic Province and the Piedmont Physiographic
Province (Plate 2). The highest point in the county, 3,317 feet
(1,011 m), is along the crest of Loft Mountain in the extreme north-
western corner of the county. The lowest elevation, approximately
235 feet (72 m), occurs where the Rivanna River crosses into Fluvanna
County just south of Boyd Tavern. The elevation at Charlottesville
is approximately 500 feet (152 m). Most areas of the county lie be-
low 1,000 feet (305 m) elevation (Plate 3). .

The county lies almost entirely within the James River Basin,
with the exception of the northeast corner which lies within the York
River Basin (Plate 4). The Rivanna River, a major tributary of the
James River, drains a large portion of the northern and central
sections of the county. The principal tributaries of the Rivanna in-
clude the North Fork, South Fork, Buck Mountain Creek, Mormons River
and Mechum River. The southern section of the county is drained by
the Hardware River and a few small tributaries of the James River.
The James River forms the southern boundary of the county. A small
northeastern portion of the county lying within the York River Basin
is drained by small headwater tributaries of the South Anna River
and the Rapidan River.

Climate

Warm, humid summers and mild winters characterize the climate of Albe-
marle County. According to Crockett (1972), the mountains at the county's
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PHYSIOGRAPHIC PROVINCES OF ALBEMARLE COUNTY
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western boundary, along with the Chesapeake Bay and the Atlantic Ocean
to the east, are major factors controlling the climate, in addition to
the latitude and location on the North American continent.

Records from the non-recording weather station at Charlottesville
maintained by the National Weather Service indicate that the average
annual temperature is approximately 57°F (13.9°C). Extremes have
been recorded as high as 107°F (41.7°C) in September, 1954, and as
low as -20F (-17.29C) in January 1977. The average annual precipi-
tation is approximately 44 inches (1,118 mm), and rainfall is the
dominant form of precipitation. Summer rainfall is provided princi-
pally by showers and thunderstorms, the latter occurring on an average
of 40 to 45 days throughout the season. The average annual snowfall
is around 22.5 inches (572 mm), although measurements between 1941
and 1971 have varied from 3.1 inches (78 mm) to 53.6 inches (1,361 mm).

Table 1 is a summary of temperature and precipitation data for
the period 1941-1979 from the National Weather Service non-recording
weather station at Charlottesville, located 1.7 miles (2.7 km) west of
the Post Office.
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TABLE 1
WEATHER DATA FOR THE PERIOD 1941-1979
CHARLOTTESVILLE, VIRGINIA

Month Average Temperature Total Precipitation
°F oc Inches . Millimetres

January 36.1 2.3 3.21 81.53
February 37.8 3.2 2.94 74.68
March 46.5 8.1 3.97 100.84
April 57.7 14.3 3.19 . 81.03
May 66.3 19.1 4.19 106.43
June 73.5 23.1 3.69 99.06
July 77.3 25.2 4.78 121.41
August 76.2 24.6 4.73 120.14
September 69.9 21.1 4,43 112.52 A .
October 59.5 15.3 4.02 102.11
November 49.1 9.5 3.12 79.25 |
December 38.4 3.6 3.54 89.92 ,
Annual* 57.1 13.9 43.74 1110.99 ‘
*Average of annual averages and totals for period »

Source: Crockett (1972) and National Oceanic and Atmospheric
Administration (1971-1979)
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RIVER BASINS AND STREAMS IN ALBEMARLE COUNTY
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Soils and Vegetation

There are three major soil groupings in Albemarle County:
mountainous soils, soils developed on the Piedmont uplands, and soils
developed on the Piedmont lowlands (Plate 5). The mountainous soils
include those soils on the Blue Ridge mountains and foothills, and
soils on the Southwestern Mountains and Carters Mountain east of
Charlottesville. These soils range from deep to shallow, depending
on the steepness of the slope, and are well-drained. Soils of the
Piedmont uplands range from deep to shallow and occur on gentle to
steep slopes. All of the upland soils are well-drained, and a major
belt along the Fluvanna County line to the east is characterized by
very strongly acid soils. Piedmont lowland soils occupy the eastern
quarter of the county and are well-drained.

A 1976 forest survey by the Virginia Division of Forestry reports
that 291,386 acres (117,924 hectares) in Albemarle County are covered
by commercial forestlands (Browne and Associates, 1979). This is
nearly 62% of the total land area of the county. Such major forest
areas provide an efficient mechanism for recharging the ground water
system in Albemarle County.




GENERALIZED SOILS MAP OF ALBEMARLE COUNTY
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Purpose and Scope of Report

This report is a reconnaissance-level study intended as an aid
in identifying regional ground water conditions in Albemarle County.
In addition to providing general information about the area, the
report introduces new hydrogeologic data collected by the Board
and compiles previous geologic and hydrologic investigations
carried out under the auspices of the Board and other state
agencies. The report is intended to be a planning and manage-
ment reference for citizens, governmental officials, professionals,
and those in the business sector.

Previous Investigations

Reports by Cross (1960) and Dekay (1972) are the only ground
water studies which deal specifically with portions of Albemarle
County. Cross's work is a data compilation of water wells in. the
western half of the county. DeKay's work on ground water supplies
in Shenandoah National Park, a portion of which is in Albemarle
County, has been supplemented by a geology report of the area by
Gathright (1976). A report by Geyer (1955) covers ground water in the
Virginia Piedmont. A 1970 publication by the Virginia Division of




Water Resources covering the James River Basin includes ground water
data obtained from Albemarle County. Two U.S, Geological Survey
papers, Cederstrom (1972) and Sinnott and Cushing (1978), address the
ground water characteristics in a large region which includes Albe-
marle County.

Methods of Investigation

Most of the water well construction information and the ground
water quality data contained in this report have been collected by
the Board, although some have been supplied by the Virginia Division of
Mineral Resources and the Virginia Department of Health. All ground
water withdrawal information has been collected by the Board.

Much of the previously unpublished information pertaining to
individual well construction and ground water quality has been col-
lected as a result of the Groundwater Act of 1973. This Act requires
that a Water Well Completion Report (Form GW-2) be submitted to the
Board for all wells drilled, and that owners of industrial and public
ground water supplies submit quarterly reports (Form GW-6, Groundwater
Pumpage and Use) to the Board detailing ground water withdrawal. In
addition, the Board requires that drill cuttings be collected at ten-
foot (3.05-m) intervals on all water wells, unless prior exemption
is obtained from authorized staff members.

Another source of ground water quality information is the
Pollution Response Program (PReP), maintained by the Board for the
purpose of responding to reports of water pollution of any type. This
includes pollution of both ground water and surface water by accidental
or intentional discharges of hazardous chemicals, oil, gasoline, refuse,
and industrial wastes.

All well information, well completion reports and records of
ground water quality cited in this report are on permanent file at
the Board Headquarters Office in Richmond and at the Valley Regional
Office (VRO) in Bridgewater. These data are computerized for storage
and retrieval and were used to compile Appendixes B and C.

Water Well Numbering System

Water Well Completion Reports are assigned a unique number by
which the reported well is thereafter identified. Water quality ,
and withdrawal information for that particular well also are identified
by that number.

Each county in Virginia is assigned a three-digit county code,
the code for Albemarle County being 101. Within each county, wells
are numbered sequentially in order of receipt, with a few exceptions.
For example, a report might be numbered 101-17, while a report re-
ceived later would become 101-18. The well numbers do not represent




a grid system for locating specific areas of the county. When citing
specific wells in this report, the well number will be given in paren-
theses without the county code. For example, Morton Frozen Foods #3
(87). Well numbers may be cross-referenced with various plates and
Appendixes B and C for additional information.

HYDROGEOLOGY OF ALBEMARLE COUNTY

Precipitation probably is the ultimate source of all the ground
water occurring in Albemarle County. The sequence in which water
circulates from land to ocean to air and back to land in the solid,
liquid and gaseous states is referred to as the hydrologic cycle
(Plate 6). Water enters the atmosphere and forms clouds by evaporation
from oceans, lakes and rivers, and from plant life by means of evapo-
transpiration. The water is then returned to the land surface where
it once again may evaporate, take the form of runoff to streams, lakes
and oceans, or filter down into the soil and rock.

Water occurring in the zone extending from the land surface down-
ward to the point at which all rock and soil pores are filled with
water is said to be in the zone of aeration. Water occurring below
the zone of aeration is said to be in the zone of saturation, and it
is this water that commonly is referred to as ground water. The top
surface of the zone of saturation (the dividing point between the zone
of saturation and the zone of aeration) is known as the water table
(Plate 7).

Ground water is governed by the principles of recharge and dis-
charge. Ground water will flow by gravity from an area of recharge
toward a discharge point. Water may be discharged from the ground
water reservoir through springs, seepage into streams, evaporation
and transpiration, and through wells. Streams may discharge water
into the ground water system, in which case they are known as losing
streams, or they may be recharged by ground water flowing into them,
in which case they are called gaining streams. It is the latter
situation which explains why ground water discharge into streams and
the base flow of streams during extended dry periods are one and the
same.

Ground water movement and storage in Albemarle County occurs in
both soil and rock. Saprolite, an earthy, clay-rich residual material
created by the decomposition of igneous and metamorphic rocks, forms
a mantle covering much of the county. According to Cross (1960), this -
layer of soil and saprolite is up to 100 feet (30 m) deep in places
and averages about 50 feet (15 m). Data gathered on depth to bedrock
for 319 wells supports Cross's findings. Many wells encountered ;
bedrock at depths as great as 110 feet (34 m), but the majority fall
in the 40-to 50-foot (12— to 15-m) range. Cross (1960) notes the
saprolite is thickest in Albemarle County where it occurs on upland
flats.

10
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The saprolite zone acts as an important recharge mechanism for
the underlying bedrock, and also yields water to many wells. The
saprolite acts as a giant sponge and stores vast amounts of water,
allowing it to percolate downward at a very slow rate to recharge
the underlying crystalline rocks. It may yield water to wells by
means of primary porosity, a term which refers to porosity which
was created at the time the saprolite was formed.

Bedrock in Albemarle County is composed of igneous and metamorphic
rocks, with minor amounts of sedimentary rocks present in the eastern
areas. Igneous and metamorphic rocks are very dense and relatively
impermeable. Ground water movement and storage takes place only in
fractures which have developed in the rocks as a result of weathering
and, to a lesser extent, structural deformation. This type of
porosity is known as secondary porosity, since the water-bearing
features developed after the rock was formed. Well yield is directly
influenced by the frequency and interconnection of water-bearing
fractures which the well intersects (Plate 8). The number and size
of fractures decreases with depth, and generally it is assumed that
water-bearing fractures seldom are encountered in these rocks at depths
greater than 250-300 feet (76-91 m). For selected counties in the
Virginia Piedmont, Auletta (1979) found that fracturing typically

11




SUBSURFACE WATER ZONES
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occurred between 30 and 350 feet (9 and 107 m) and was most frequent
between approximately 80 and 125 feet (24 and 38 m). Cross (1960)
notes that most fractures occur within 100 feet (30 m) of the top of
bedrock. Data gathered for this report indicate that 58 percent of
the 302 rock wells for which water zone information is available
encountered water within 100 feet (30 m) of the land surface, and

87 percent encountered water within 200 feet (61 m) of the land
surface.

GROUND WATER AVAILABILITY AND QUALITY
Hydrogeologic Overview of Albemarle County

Albemarle County is located within the Unglaciated Appalachian
Ground Water Region (Plate 9) which is characterized by mountains and
hilly uplands separated by broad valleys (Johmnsom, 1972). The western
quarter of the county is situated in the Blue Ridge Physiographic
Province, while the remaining area is in the Piedmont (see Plate 3).

12




FRACTURES IN BEDROCK FORMATIONS AFFECT WELL YIELD
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The ground water availability and quality maps appearing on the
next several pages are intended as a general planning guide, and
conditions represented may not apply to specific well sites. Pumping
tests and detailed aquifer studies are beyond the scope of this report
and have not been undertaken. Discussions of ground water quality
parameters may be found in Appendixes D and E. .

On the whole, ground water availability is relatively consistent
throughout the county, varying only slightly with geologic setting.
Water-bearing zones generally are encountered within 200 feet (61 m)
of the land surface throughout a large area (Plate 10). Almost without
exception, wells in the eastern third of the county have not tapped
water zomes below 200 feet (61 m), indicating that drilling to deeper
depths normally fails to increase well yields.

Well production rates typically are less than 10 gpm (0.6 1/s),
especially in the southern half of the county (Plate 11). However,
several areas exhibit a noticeably higher incidence of increased yield.
Wells producing 50 gpm (3.2 1/s) or greater are scattered randomly
across thecounty, and wells with yields of at least 125 gpm (7.9 1/s)
have been drilled in each of the four hydrogeologic units in the
county.

13
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Ground water throughout the county is of high quality, and only
isolated wells have exhibited significant quality variations. The
water is relatively low in dissolved mineral matter. The total dis-
solved solids content throughout the county is less than 150 mg/1
(Plate 12). Isolated well samples with concentrations of 150 mg/1
or higher are noted. No wells were encountered anywhere with total
dissolved solids as high as 300 mg/1l.

Hardness, the property of water which retards the production of
soap lather, is relatively low throughout the county. The hardness
classification used throughout this report was developed by Durfor and
Becker as noted in Hem (1970):

Hardness range

(mg/1 of CaCoj) Description
' L
0-60 Soft
61-120 Moderately hard
121-180 Hard ,
More than 180 Very hard

14
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DEPTH TO WATER-BEARING ZONES IN ALBEMARLE COUNTY

WATER-BEARING FRACTURES SELDOM
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GROUND WATER AVAILABILITY IN ALBEMARLE COUNTY

0-9 GPM
(0-0.57 L/S)

10-19 GPM
(0.63-1.20 L/S)

20-49 GPM
. (1.26 -3.09 L/S)

AREAS OF INSUFFICIENT DATA

LI A v
& Blernaifn

|
\ o/
,\ 7

SCALE
0 S 10

|
— — miLes
EHHH_ KILOMETERS

0 5 10

Source: Virginia State Water Control Board — VRO 17 PLATE NO. 11







CONCENTRATION OF TOTAL DISSOLVED SOLIDS
IN GROUND WATER IN ALBEMARLE COUNTY
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Based on this scale, soft water is predominant in approximately half
the county, while moderately hard to hard water prevails elsewhere
(Plate 13). A few samples of "very hard" water were gathered, but the
highest value noted anywhere in the county was only 225 mg/1.

Iron concentrations are well within the 0.3 mg/l limit established
by the Virginia Department of Health (1977) throughout a large portion
of the county (Plate 14). However, there are several areas where
noticeably higher concentrations are common to the extent that certain
undesirable effects, such as unpleasant taste and staining of bathroom
and laundry fixtures, are to be expected. Reports of such occurrences
have been infrequent and scattered.

The hydrogen ion concentration, or pH, falls within a range of
6.5 - 7.4 throughout a significant portion of the county and below
6.5 throughout most of the remaining areas (Plate 15). With the
exception of one sample (55) measured at 3.7, no values lower than
3.1 were recorded anywhere in the county. As the pH falls below the
neutral point of 7 on a scale of 1-14, water tends to become more
acidic and may cause corrosion of metal pipes, pumps and tanks.

Hydrogeologic Units in Albemarle County

The crystalline rocks which underlie Albemarle County have been
divided into four broad hydrogeologic classifications, based on water-
bearing characteristics of individual rock formations. These classi-
fications include the cataclastic and metasedimentary rocks, the meta-
sedimentary and sedimentary rocks, the metavolcanic rocks, and the
igneous and metasedimentary rocks (Plate 16). Table 2 is a compilation
of the individual geologic formations comprising these four hydrogeologic
units and includes pertinent geological information, water-bearing
properties, and selected well and ground water statistics. Detailed
explanations of the geology of Albemarle County will not be given in
this report. The reader is encouraged to consult published geologic
reports of the county for information of this nature.

Hydrogeologic factors seldom are considered when selecting well
sites in Albemarle County. Virtually all wells drilled are small-
diameter wells, usually intended for domestic use, which rarely
penetrate to great depths. Particularly with respect to residential
wells, which constitute a large majority of the wells on record, .the
drill site is chosen after the building site has been selected and is
based solely on the convenience and economics of the particular
situation. In addition, once a sufficient supply of water has been
obtained for the intended use, drilling is terminated. The available
data are, therefore, random "practical' data instead of data based on
the most favorable hydrologic, geologic and topographic conditions.

Igneous and Metasedimentary Rocks

This hydrogeologic unit (Plate 17) consists primarily of granitic
gneiss with minor amounts of granodiorite, quartzite and conglomerate.
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Geologic formations included in this grouping are the Pedlar, Swift
Run, Lovingston and Rockfish Formations, Two major belts occur in
Albemarle County. A belt lying along the foot of the Blue Ridge in
the northern area of the county underlies the communities of White
Hall, Doylesville, Mountfair, Boonesville and Nortonsville. A larger
belt running northeast-southwest, roughly dividing the county in half,
averages approximately 6 miles (10 km) wide and underlles the com-
munities of Earlysville, Ivy and North Garden.

Wells in this hydrogeologic unit have been drilled to an average
depth of just over 250 feet (76 m). Seventy-two percent of the wells
drilled in these two belts produce less than 20 gpm (1.3 1/s); over
half yield less than 10 gpm (0.6 1/s). However, 10 percent of the
wells on record produce in excess of 50 gpm (3.2 1/s), indicating
that large yields are available. While a few of these high-yield
wells have been drilled for public supplies, the majority are domestic
wells which probably required minimum development to obtain the high
yields. These high-yield wells are randomly scattered and do not tend
to occur in clusters. The southwest third of the central belt shows
a significant lack of wells producing 10 gpm (0.6 1/s8) or greater,
possibly indicating lower potential for ground water in this particular
area. Three wells drilled for the Crozet Sanitary District between
1955 and 1959 have yields ranging from 50 to 165 gpm (3.2 to 10.4 1/s).
The 365-foot (1l1-m) well #1 (112) was tested for 72 hours at 165 gpm
(10.4 1/s); however, no drawdown information is available.

Water from the igneous and metamorphic rocks is relatively low
in dissolved mineral matter; 84 percent of the wells on record exhibit
total dissolved solids below 150 mg/l. pH values consistently fall
 within the 6.0 - 7.4 range. Water analyses from six wells in the
Ivy area had pH values of 7.5 and above, somewhat higher than usually
found throughout the remaining portion of the two belts.

Ground water hardness throughout the area is consistently lower
than 121 mg/1l, and only three of 78 water samples collected can be
classified as "hard" (121-180 mg/l). Concentrations of iron were
below 0.3 mg/l (the limit established by the Virginia Department of
Health) in nearly two-thirds of 89 water samples. Of the remaining
samples, only 7 percent were in excess of 5.0 mg/l. Iron concentrations
in ground water samples collected along the base of the Blue Ridge
seldom exceeded 0.3 mg/l.

Metavolcanic Rocks

This hydrogeologic unit (Plate 18) is comprised mainly of the
Catoctin Formation, a series of metamorphosed basalt lava flows with
minor amounts of sandstone and phyllite. Two belts extend the length
of the county in a northeast-southwest direction. A small belt out-
crops along the eastern ridges of the Blue Ridge, and a large belt
passes through the eastern half of Charlottesville and underlies the
communities of Eastham, Shadwell and Carters Bridge.
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GROUND WATER HARDNESS IN ALBEMARLE COUNTY
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HYDROGEN-ION ACTIVITY (pH) OF GROUND WATER IN ALBEMARLE COUNTY
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GENERALIZED HYDROGEOLOGIC MAP OF ALBEMARLE nOCZ._.<

CATACLASTIC AND
METASEDIMENTARY ROCKS
PROTOMYLONITE, MYLONITE, MYLONITE
GNEISS. ALSO INCLUDES CONGLOMERATE.
POOR TO FAIR WATER PRODUCERS,

GOOD IN SELECTED AREAS.

METASEDIMENTARY AND

SEDIMENTARY ROCKS
PHYLLITE, SANDSTONE, SLATE, GNEISS,
METAMORPHOSED SANDSTONE, MINOR
CONGLOMERATE AND LIMESTONE BEDS.
GENERALLY POOR TO FAIR YIELDS,
LOCALLY HIGH YIELDS.

METAVOLCANIC ROCKS

METAMORPHOSED BASALT LAVA FLOWS,
PHYLLITE, MINOR OCCURRENCES OF SANDSTONE.
FAIR WELL YIELDS, HIGH YIELDS POSSIBLE
UNDER CERTAIN CONDITIONS.

IGNEOUS AND META.-

SEDIMENTARY ROCKS

GRANITIC GNEISS, GRANODIORITE, SOME
QUARTZITE AND CONGLOMERATE. WELL

YIELDS GENERALLY POOR TO FAIR, HIGHER
PRODUCTION POSSIBLE UNDER LOCAL CONDITIONS.
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HYDROGEOLOGIC UNITS AND THEIR

TABLE 2
GEOLOGIC AND WATER-BEARING CHARACTERISTICS

Well and Ground Water Statistics+
Total
Hydrogeologic Unit Estimated Year Well Well Dissolved| ©2s Mg 1
and Individual Formations | Symbol Age Since wwmmmnnd Lithology Depth* | Yield** Solids jHardness Iron Manganese| Sulfate pH Water-Bearing Properties
Cataclastic and maximum 1,100 137 143 121 1.60 0.14 12.8 8.0 Low to moderate yields generally
Metasedimentary Rocks (335) (8.6) encountered. High yields have
been obtained in Crozet area.
minimum 920 1 40 4 0.00 0.00 1.0 5.8 Water generally of very high quality
27) (0.06) and is especially low in dissolved
Possibly older mineral matter.
than 600 "jmylonite, average 270 18 83 33 0.17 0.01 4,1 6.5
Mechum River CpCm Precambrian(?){million protomylonite, (82) (1.1)
cataclastics cgs altered from |280 million ylonite gneiss,
Precambrian Cto conglomerate samples 61 55 27 27 29 29 31 33
rocks during | 600 million
Paleozoic Era
Metasedimentary and maximum 845 125 288 167 11.00 1.50 54.0 8.3 Low to moderate yields. Several
Sedimentary Rocks (258) (7.9) high-yield wells have been developed
in Matthews Chapel area. Area north
181 million Iphyllite, minimum 30 1 13 2 0.00 0.00 0.0 5.1 of South Fork Rivanna River appears
to sandstone, slate, ¢)] (0.06) to offer low potential; water there
| Newark | TRn_ | Triassic w1230 million _ lgneiss, seldom encountered below 200 ft.
verona Cev Imetamorphosed average 246 17 103 53 0.68 0.81 5.6 6.7 (61 m). Water tends to be moderately
Harpers Ch Cambrian 500 million sandstone, minor (75) (1.1) hard. Local iron problems have been
Weverton Cw to conglomerate and noted.
| louwdoun = | c1 | _ —— e 600 pillion __llimestone beds samples 136 120 43 52 53 53 52 55
Charlottesville pCch ’
uornmon Mill pCjm Precambrian older than
Lynchburg pilyg 600 million
Metavolcanic maximum 647 150 290 225 0.60 2.20 129.6 7.7 Offer highest potential in Albe-
Rocks (197) (9.5) marle County. Over one-third of
all wells produce in excess of 20
minimum 83 o1 58 23 0.00 0.00 2.0 6.2 gpm (1.3 1/s). All wells yielding
metamorphosed (25) (0.06) 50 gpm (3.2 1/s) or better are lo-
basalt lava cated in the eastern belt. Belt
Possibly older |[flows (principal- javerage 297 19 161 112 0.19 0.35 5.6 7.0 along eastern slope of Blue Ridge
Catoctin CpCe Precambrian(?)| than 600 ly composed of (91) 1.2) consistently produces less than 10
million greenstone), phyl-| gpm (0.6 1/s). Water more highly
lite, some meta- |samples 68 63 19 21 22 20 23 24 mineralized than that found in other
sandstone areas of county; hard water fairly
common.
Igneous and jpaximum 834 165 260 177 13.00 1.00 25.0 8.2 Low to moderate yields generally
Metasedimentary Rocks (254) (10.4) available. Southwest portion of
central belt offers poor development
Iminimum 60 1 28 4 0.00 0.00 0.1 3.7 potential. Several high-yield wells
(18) (0.06) have been developed in remote lo-
Possibly older cations. Water generally of reason-
than 600 faverage 253 15 101 49 0.97 0.10 4.7 6.8 able quality. Iron concentrations
| _ . Swift Run_ | CpCs | Precambrian(?)|million __ _lgranitic gneiss, an (0.9) consistently below 0.3 mg/l along
Rockfish pCr granodiorite, somg base of Blue Ridge.
Pedlar pCp Precambrian older than quartzite and |samples 217 240 84 89 91 87 84 93
Lovingston pClgr 600 million conglomerate
+All quality values in milligrams per litre except pH (no units)
*Top units feet, bottom units metres
**Top units gallons per minute, bottom units litres per second ,
Source: Geology compiled from various publications of the Virginia Division of Mineral Resources, geohydrology from Virginia State Water Control Board -~ VRO
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METAVOLCANIC ROCKS
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wells reportedly produce up to 150 gpm (9.5 1/s). All wells with yields
of 50 gpm (3.2 1/s) or greater are located in the eastern belt, whereas
wells in the belt along the eastern slopes of the Blue Ridge consistently
produce less than 10 gpm (0.6 1/s). Although information from the Blue
Ridge belt is scant, the data probably are representative since the
mountainous topography contributes to increased runoff 'and reduced
storage.

The most intensely-developed area appears to be in the vicinity
of Route 250 east of Charlottesville. Most of these wells have produced
less than 20 gpm (1.2 1/s), but one in five has yielded up to 50 gpm
(3.2 1/s). The majority of these wells have encountered producing
zones within 200 feet (61 m) of the land surface. Although several
wells have been drilled to depths greater than 500 feet (152 m), few
have intersected water-bearing fractures at that depth. The median

well depth along this corridor is 305 feet (93 m), while the average
depth is 316 feet (96 m).

The ground water in the metavolcanic rocks is the most highly-
mineralized ground water found throughout Albemarle County. However,
total dissolved solids fall within the 50-300 mg/l range on every
water sample collected from these wells. The pH for all wells is
within the range of 6.0 - 7.0, without exception. The majority of
the samples were measured at greater than 7.0, typical of the basic
(alkaline) rock types which characterize the metavolcanics.
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Hardness, on the average, is higher in the metavolcanics than in
any other rock type throughout the county. Nearly one~third of the
water samples collected in this unit showed hardness in excess of
180 mg/1, or "very hard". Another 27 percent can be classified in
the "hard" range (121-180 mg/1). The majority of the "hard" and
"very hard" samples were collected in the heavily-developed area just
east of Charlottesville. Calcium appears to be the major contributing
factor to hardness in the metavolcanics.

Iron concentrations in ground water from metavolcanic wells are
similar to those in other rock units across the county. Iron in
approximately two-thirds of the water samples collected from this area
was within the 0.3 mg/l drinking water limit established by the
Virginia Department of Health. Nearly all of the remaining water
samples showed values of less thanh 1.0 mg/l. Manganese, like hardness,
tends to be higher in the metavolcanics than in the other hydrogeologic
units in Albemarle County. Thirty percent of the metavolcanic wells
yielded water with manganese concentrations in excess of 0.5 mg/1l,
while no more than four percent of the samples from any other sections
of the county were in excess of 0.5 mg/l.

Metasedimentary and Sedimentary Rocks

Rock types in this hydrogeologic unit (Plate 19) include sandstone,
phyllite and gneiss occurring in two major belts in eastern Albemarle
County and a minor belt along the crest of the Blue Ridge. Rock
formations included are the Weverton, Loudoun, Harpers, Lynchburg,
Charlottesville, Johnson Mill, the Triassic basins and the Everona
limestone. No records are available for wells penetrating formations
along the crest of the Blue Ridge; therefore, all data cited refer
to the two eastern belts.

A belt extending southwest from Burnleys at the Orange County
border includes the central Charlottesville area and the communities
of Proffit, Rio, Alberene and Unionville. Wells in this belt have
been fairly productive. Five wells north of Chestnut Grove in the
Matthews Chapel area south of Charlottesville reportedly produce in
excess of 50 gpm (3.2 1/s), and six other wells in the immediate area
yield greater than 20 gpm (1.3 1/s). Records of three wells drilled
within the city limits of Charlottesville in the early 1900's show
yields ranging from 80 to 100 gpm (5.0 to 6.3 1/s). Wells north of
the South Fork Rivanna River have noticeably lower yields. Only
three of 20 wells north of the river have yields in excess of 20 gpm
(1.3 1/s), and the majority of the remainder have yields less than
10 gpm (0.6 1/s).

The belt bordering Fluvanna and Louisa counties and underlying
the communities of Cobham, Boyd Tavern, Blenheim and Howardsville
offers significantly lower ground water potential than the central
belt. Fifty-four percent of all wells in this belt yield less than:
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METASEDIMENTARY AND SEDIMENTARY ROCKS
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5 gpm (0.3 1/s), and 70 percent produce less than 10 gpm (0.6 1/s).
Only a small percentage of wells drilled deeper than 200 feet (61 m)
encountered water-bearing fractures. Wells drilled in this area
generally are suitable only for domestic uses. As a rule, larger
yields are not available.

The concentration of total dissolved solids does not exceed
299 mg/l in any of 42 water samples collected from both belts. pH
values of 80 percent of the samples fall within the 6.0 - 7.4 range.
There are more wells with pH of 8.0 or higher in this unit than in
any other unit in Albemarle County. Hardness was at or below 120 mg/1
in 93 percent of the 54 samples collected. The remaining seven percent
were in the 121 - 180 mg/1l, or "hard" range. Wells with "hard" water
are scattered and not in any particular area. Iron is seldom a
problem in this unit; 67 percent of the samples registered concentrations
at or below the 0.3 mg/l Virginia Department of Health drinking water
limit. The majority of the remaining wells showed concentrations of
less than 1.0 mg/l. As a rule, the high iron concentrations were
found in the central portions of each belt, but not to the exclusion
of a sizable number of low-concentration samples.
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Cataclastic and Metasedimentary Rocks

This hydrogeolic unit (Plate 20) consists of a northeast-southwest-
trending belt which underlies Free Union, Crozet, and Brownsville.
Rock types included in this unit are mylonite, protomylonite, gneiss
and conglomerate.

As a general rule, low to moderate yields are available in this
unit. The vast majority of wells developed here produce less than
20 gpm (1.3 1/s); 56 percent are rated below 10 gpm (0.6 1/s). The
relatively low yields may be a product of well depth, since wells in
this unit tend to be somewhat more shallow than wells in other hydro-
geologic units in Albemarle County.

0f the 11 wells rated 20 gpm (1.3 1/s) or higher, six are rated
at 30 gpm (1.9 1/s) or less. The notable exceptions are wells drilled
for Morton Frozen Foods Division of ITT Continental Baking Company at
Crozet. Of the three wells presently in use, two have been tested at
80 gpm (5.0 1/s), and the third was tested at 137 gpm (8.6 1/s). The
two 80-gpm (5.0-1/s) wells, at 902 feet (275 m) and 1,100 feet (335m),
are the deepest wells known in Albemarle County. Well #4 (211) en-
countered water-producing intervals at 745 to 752 feet (227 to 229 m)
and 840 to 850 feet (256 to 259 m). Well #5 (674) encountered water
zones at 1,040 feet (317 m) and 1,070 feet (326 m).

Water from the cataclastic and metasedimentary rocks is lower in
mineralization than ground water found in any other part of Albemarle
County. Ninety-three percent of all water samples collected from this
unit showed total dissolved solids below 150 mg/l. Most samples were
measured at 50 mg/l or higher. Ground water from these rocks tends
to be slightly acidic. Seventy-six percent of quality analyses showed
water with pH below 7.0; 17 percent were below pH of 6.0. This is
characteristic of the light-colored rock types, such as gneiss, found
throughout this hydrogeologic unit.

Ground water hardness, iron and manganese concentrations in this
unit are very low. Over 80 percent of the wells drilled in this belt
produce water classified "soft" (less than 60 mg/l hardness). Of the
remaining wells, all but one encountered "moderately hard" water
(61 to 120 mg/l1 hardness). The lone exception, the Morton #4 well (211),
was analyzed at 121 mg/l. This is probably attributable to the increased
contact time between ground water and rock since this well taps deep
water zones. Eighty-one percent of the water samples were below the
0.3 mg/1 Virginia Department of Health limit for iron, and 92 percent
were within the 0.05 mg/l limit for manganese. No well sampled in this.
unit had a manganese concentration above 0.5 mg/1l.

GROUND WATER UTILIZATION

Ground water usage in Albemarle County approaches three million
gallons per day (11,355 m3/d). Approximately 47 percent of the county's
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population is supplied by ground water. These estimates are based

on pumpage records for public and industrial ground water systems,

and calculations of domestic withdrawal based on population projectionms.
Plate 21 lists the 20 largest ground water systems, based on average daily
withdrawals, and their locatioms.

Domestic Ground Water Use

Individual domestic water systems account for about two-thirds of
the daily ground water withdrawals in Albemarle County. A recent water
supply needs assessment conducted by the State Water Control Board identi-
fied 50.9 percent of the county's 54,400 residents as being supplied by’
the Albemarle County Service Authority, which purchases water from the
Rivanna Water and Sewer Authority. It is estimated that approximately
two percent of the population utilizes cisterns as a water source.
Therefore, approximately 25,500 county residents are supplied by individual
ground water supplies, including both wells and springs. Based on an
average of 50-75 gallons per day (0.19-0.28 m3/d) per personm, daily with-
drawals may be nearly two million gallons per day (7,570 m3/d).
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Public Ground Water Use

According to information gathered by the Board, average daily
pumpage from 47 public water systems (19 community and 28 non-community)
is in excess of 500,000 gpd (1,893 m3/d). As defined by the Virginia
Department of Health (1977), community water systems serve at least 15
service connections used by year-round residents or regularly service
at least 25 year-round residents. Community systems include munici-
palities, communities, subdivisions, housing developments, trailer
parks, etc. The largest community systems in Albemarle County with-
draw around 50,000 gpd (189 m3/d), while the smallest systems use
less than 500 gpd (1.9 m3/4d).

A non-community water system is a waterworks which is not a
community system but which operates at least 60 days out of the year
(Virginia Department of Health, 1977). Establishments such as schools,
motels, restaurants and campgrounds account for approximately 80,000
gpd (303 m 3/d). Four industrial ground water systems which supply
potable water account for nearly 180,000 gpd (681 m /d), or 70 percent
of the daily non-community pumpage.

The well field supplying Morton Frozen Foods consists of three
active wells (Plate 22) and three abandoned wells. Approximately 20
percent of Morton's total plant water use, based on quarterly averages,
is ground water, and two wells are capable of meeting these demands.
Well #2 (269) and well #5 (674) are the main production wells. Well
#4 (211) is used in an auxiliary capacity, usually in place of well #2.
Pumpage from well #2 for the period 1977-1979 averaged 51,758 gallons
(196 m3) per operating day, and pumpage from well #5 for the same
period averaged 57,855 gallons (219 m’) per operating day.

The three active wells each have been tested at 80 gpm (5.0 1/s)
or greater. Well #2, 556 feet (169 m) deep, was pump-tested at 137
gpm (8.6 1/s) for 10 hours and registered a 158-foot (55-m) drawdown.
The static water level was 27 feet (8 m) on the completion date,
December 8, 1958, and bedrock was encountered at 36 feet (11 m). Well
#4, drilled in July 1963, is 902 feet (275 m) deep. Water zones were
encountered at intervals of 745 to 752 feet (227 to 229 m), and 840 to
850 feet (256 to 259 m). A 72-hour pump test was run at 80 gpm
(5.0 1/s), but no drawdown information is available. The static
water level was 60 feet (18 m) below land surface, and bedrock at
40 feet (12 m). The #5 well, 1,100 feet (335 m) deep, is the deepest
well known in Albemarle County. Water zones were tapped at 1,040
feet (317 m) and 1,070 feet (326 m), and pump tests were run at 37
gpm (2.3 1/s) and 80 gpm (5.0 1/s). No drawdowns were recorded for
either test, but pump intakes reportedly were set at 500 feet (152 m)
and 625 feet (191 m), respectively. The static water level was
reported to be 263 feet (80 m) below land surface on the completion
date in April, 1964, All three wells were constructed with 6-inch
(152-mm) casing.
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20 LARGEST GROUND WATER USERS IN ALBERMARLE COUNTY

- ama—s

DAILY WITHDRAWAL **

SYSTEM SOURCE gpd m3/d
1-ACME VISIBLE RECORDS* WELLS 52,316 198
2-AMERICAN TELEPHONE & TELEGRAPH WELLS 11,000 42
3-BEDFORD HILLS* WELL 9,035 34
4-BLUE RIDGE VENEER & PLYWOOD WELL 48,000 182
5-CRENSHAW'’S MOBILE CITY* WELLS 22,400 85
s 6-CROUSE-HINDS * WELLS 15,938 60
/7 7-GLENAIRE * WELLS 9,541 36
8-GREENWOOD CHEMICAL CO. WELL 69,120 262
9-KEY WEST * WELL 37,285 141
10-MERIWETHER HILLS * WELLS 25,127 95
11-MILLER SCHOOL * SPRINGS 24,000 91
12.MORTON FROZEN FOODS * WELLS 117,954 446
13-OAKHILL* WELLS 22,022 83
14.0AKHILL TRAILER PARK* WELL 8,000 30
15-SHERATON INN EAST * WELLS 11,000 42
_ 1w 16-SOUTHWOOD TRAILER PARK * WELL 49,751 188
Yol 17-STONY POINT (RWSA)* WELL 5,967 23
PN QN 18-LESLIE H. WALTON MIDDLE SCHOOL * WELL 9,000 34
oLookodh 16! 19-WESTWOODS * WELL 9,932 38
20-WOODSEDGE * WELL 7,158 27
*PUBLIC WATER SYSTEM
**BASED ON HIGHEST AVERAGE DAILY WITHDRAWAL DURING 1978-79
SCALE
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o 5 10
Source: Virginia State Water Control Board — VRO 37 PLATE NO. 21







LOCATION MAP OF MORTON
FROZEN FOODS WELL FIELD
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Source: Virginia State Water Control Board —VRO PLATE NO. 22

The abandoned wells, #1 (103), #3 (87), and #6 (210), range in
depth from 368 to 625 feet (112 to 191 m) with reported yields ranging
from 0.5 to 90 gpm (0.03 to 5.7 1/s).

Industrial Ground Water Use
Those industrial ground water systems which are not considered
public water systems utilize approximately 90,000 gpd (340 m3/d).
Blue Ridge Veneer and Plywood consistently uses nearly 50,000 gpd

(189 m3/d), while Greenwood Chemical Company at Greenwogod has recorded
ground water withdrawals in excess of 69,000 gpd (261 m3/d).

PROTECTION AND CONSERVATION OF GROUND WATER
Ground Water Quality Protection

Protecting the quality of the ground water resources of an area
is of prime importance. Ground water pollution exists when foreign
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matter of any nature enters the ground water system and alters the
natural quality. Water percolating downward through soil can be

purged of harmful constituents before it reaches the ground water
reservoir. However, if contaminants do enter the ground water reservoir,
the chances of the aquifer system cleansing itself are very slight.

The degree of natural purification of water as it moves through
soil depends on the soil type, size, and shape of the individual soil .
particles, thickness of the soil material, rate of percolation, and
type and degree of contamination. Pollutants may be removed by mechanical
straining and settling out between individual soil particles. Chemical )
changes in the soil may also account for significant contaminant re-
moval. . The rate of percolation determines the contact time water has
with the soil. A soil whose percolation rate is rapid may not allow
sufficient contact time for the mechanical and chemical processes to
act effectively in contaminant removal. Further, if a soil zome is too
thin to purify the water percolating through it, contaminated water may
enter the aquifer.

While no major areas of ground water contamination have been identi-
fied in Albemarle County, local contamination problems occasionally do
occur. Potential sources of ground water contamination include septic
drainfields, spillage and leakage of petroleum products and hazardous
chemicals, leakage from sanitary landfills and waste treatment lagooms,
and agricultural runoff from croplands, barnyards and feedlots.

Septic tanks are the most common form of on-site waste disposal
system in use in the United States today. The number of residents
served by septic tank systems in Albemarle County is in excess of
25,000. Septic tanks utilize anaerobic bacteria to treat wastewater
by digesting organic materials and separating sludge and scum from the
water. Wastes which cannot be digested are treated by the soil as the
wastewater drains from the tank into the soil absorption field. When
absorption fields are constructed properly and located in adequate soil,
pollutants can be removed from the wastewater as it filters through the
soil. '

Up to two million gallons (7,570 m3) of water per day are returned
to the soil in this manner each day in Albemarle County. A portion of
this water eventually reaches the zone of saturation and becomes ground
water. If the drainfield has been poorly designed or constructed im-
properly, contaminating substances such as nitrates, phosphates,
bacteria and viruses may enter the ground water system.

Rainfall runoff from agricultural lands may be a source of nitrate
contamination derived from fertilizers. Herbicides and pesticides may
be present in runoff from croplands. Runoff from barnyards and feedlots
is a common source of bacterial and nitrate contamination.

Plate 23 depicts nitrate-nitrogen values at more than 165 sampling
sites in Albemarle County. The majority of the values are below 1.0 mg/1,
though values up to 5.0 mg/l are common along U.S. Route 250 all across
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the county, and also in the vicinity of Scottsville. Only two sampling
points showed nitrate values in excess of 10.0 mg/l, the limit estab-
lished by the Virginia Department of Health. The scarcity of data pre~
cludes determing whether or not the high nitrate values are attributable
to septic drainfields and agricultural practices.

Hydrocarbon contamination caused by spillage and leakage of
petroleum products has been reported in several areas of Albemarle
County. Minute amounts of petroleum in ground water may cause foul
tastes and offensive odors. Occasionally the water returns to a normal
state in a reasonable time if the source can be identified and eliminated.
In many cases, however, it is impossible to determine the source of the
contamination because petroleum products undergo changes once they come
in contact with rocks and soil. Even where a source can be identified
and removed, objectionable residual effects may be noticeable for decades.
Clean-up operations usually are inadequate and can be prohibitively
expensive.

Most of the petroleum contamination incidents reported in Albemarle
County have involved leakage from underground gasoline storage tanks
which have resulted in the contamination of a few domestic wells. The
effects of these underground spills potentially may spread and adversely
affect ground water quality over a larger area.

Sanitary landfills and waste treatment facilities are potential
sources of ground water contamination. Industrial wastes often contain
heavy metals which can be highly toxic in sufficient quantities. Land-
fills produce leachate, a "grossly polluted liquid characterized by high
concentrations of dissolved chemicals, chemical and biological demand,
and hardness" (Zaporozec, 1974). The key to preventing pollution from
these sources is responsible site selection, design, operation, and
management of waste disposal facilities. Ground water monitoring is
an effective method of identifying the presence, nature and extent of
contamination. Albemarle County has exhibited no known ground water
pollution from any waste disposal sites, although most facilities have
been in operation for many years. This is due, at least in part, to
the thick mantle of residual soils present in most areas of the county.

Ground Water Conservation

Responsible management of ground water withdrawal is the key to
conservation and effective utilization of the resource. Overdrafting
can cause a decline in local and regional water levels which, in turn,
can create both temporary and permanent adverse affects.

A significant lowering of the water table can cause interference
between wells and within well fields. Heavy pumpage from one or sever-
al wells may cause such a decline that water levels in nearby wells may
be lowered below pump intakes. This necessitates lowering pump intakes
and often requires drilling the well deeper or abandoning it altogether.
Lowering the pumping level in a well also causes a reduction in the
efficiency of the system.
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Overdrafting of ground water is not a problem in Albemarle County.
There have been no documented cases of well interference which can be
attributed to pumpage from neighboring wells or well fields. Problems
potentially may arise, however, if ground water development is pursued
without regard to the hydrogeologic factors affecting the occurrence,
movement and storage of water in this stage of the hydrologic cycle.

DRILLING A WELL IN ALBEMARLE COUNTY .
Selecting a Well Site

Locating a water well in Albemarle County by pure chance often
can bring unsatisfactory results. 'Dry holes" are not uncommon, but
in many cases they can be avoided with a minimal amount of planning.
Convenience and sanitation should be considered when selecting a well
site. A well should be located convenient to the facility it is in-
tended to supply, and it should allow easy access to both the well
and pump for maintenance. Sanitation of the water supply is of utmost
concern. The well should be located topographically above and an
acceptable distance from septic drainfields, barnyards and feedlots,
and other forms of surface and subsurface drainage. Never locate an
unprotected well site in a natural drainageway, since surface water
easily can pollute a well water supply.

Topography

Topographic setting seems to be the most important criterion in
selecting a well site in Albemarle County. Auletta (1979) reports
that greater potential yields are available in valleys, draws, and
on slopes. Cross (1960) sites a 1954 report by LeGrand which states
that topographic location of wells is the most important factor
affecting well yields in the Piedmont of Virginia and North Carolina.
Wells drilled at higher elevations, and especially on isolated hills
in the central and eastern portions of the county, are far more likely
to encounter insufficient quantities of water, or no water at all,
than wells drilled in low-lying areas, especially at the base of a
ridge or hill. Plate 24 graphically depicts the effect of topographic
setting on well depth and yield in Albemarle County. The data from
western Albemarle are from Cross (1960), while the data for eastern
Albemarle have been compiled by the authors. The differences between
the eastern and western data, especially the depth data, are signifi-
cant. The most plausible explanation is that much of the earlier well
information collected by the Board was selective and excluded most
bored wells. Consequently, the major portion of the data used
in compiling this information is based on bedrock wells. Techno-
logical advances over the past twenty years which have made
drilling to greater depths a more feasible option also may partially
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EFFECT OF TOPOGRAPHIC SETTING ON WELL DEPTH AND YIELD IN ALBEMARLE COUNTY
EASTERN ALBEMARLE

WESTERN ALBEMARLE

AVERAGE YIELD IN GALLONS PER MINUTE AVERAGE <_,m_|_u IN GALLONS PER MINUTE

HILL

HILL

RIDGE

RIDGE 3

FLAT

FLAT

SLOPE

DRAW

AVERAGE DEPTH IN FEET AVERAGE DEPTH IN FEET

HILL

RIDGE

FLAT

FLAT

SLOPE : SRR

SR
o
eetotele!

DRAW

| I I |

U | T | ¥ T | T | T
400 0 50 100 150 200

FEET

]
400

— 1 1 1 T T T
250 300 350 250 300 350

Source: Virginia State Water Control Board —VRO

Source: Cross (1960)
PLATE NO. 24

45







explain the differences between the two sets of data. While no results
have been compiled, it appears that the authors' data for western
Albemarle would show greatly increased average depths over those
encountered by Cross. Regardless of the magnitude of the numbers,

the trends are very similar and support the theory that drilling at
topographic lows (i.e., draws and flats) generally reSults in greater
quantities of water at lesser depths.

Fracture-Trace Mapping

Ground water production from rock types which traditionally have
been regarded as poor aquifers may be increased significantly by the
application of a ground water prospecting technique known as fracture-
trace mapping. According to a recent report by the U.S. Department
of the Interior (1978), wells located by the fracture-trace method
consistently produce up to 50 times the average water production from
a given rock type in a given area. Also, the chances of drilling an
unproductive well are greatly minimized.

Fracture-trace mapping is highly applicable in Albemarle County
since the rock types present here are dense and can store and transmit
water only in fractures. A qualified hydrogeologist uses aerial photo—
graphs to map fracture traces. A fracture trace is the surface ex-
pression of a zone of structural weakness which may be identified by
the alignment of valleys, vegetation types, sinkholes, or other surface
depressions. Linear features of wet, or dark, soil in recently-plowed
fields also may indicate a fracture zone. These zones may be as wide
as 50 feet (15 m) and may be more than a mile (1.6 km) in length, and
they may contain one or hundreds of fractures. The hydrogeologist
pays particular attention to points where fracture zones intersect
(Plate 25), since intersections represent zones of increased fracturing
and, therefore, increase the probability of the presence of ground
water in large quantities. After the aerial mapping has been completed,
the hydrogeologist field-checks his findings and p1np01nts a precise
drilling site.

Fracture-trace mapping is more applicable to situations where
large quantities of water are needed, as for industrial or municipal
supplies. The method usually is not necessary or practical for
domestic situations in Albemarle County. Yields sufficient for
domestic use normally can be developed, and in many cases individual
housing lots are so small that the fracture~trace mapping would be
of little value.

Types of Wells and Drilling Rigs

Two basic types of wells are commonly encountered in Albemarle
County: drilled wells and bored or dug wells. Both types offer
advantages and disadvantages to the consumer, depending on the geologic
and hydrologic conditions of the site and the use for which the water
is intended.
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ZONES OF INCREASED FRACTURING MAY INDICATE
GREATER GROUND WATER POTENTIAL

Model of a cross section of the earth’s crust showing the fractures
in a zone of fracture concentration.

Model of a cross section of the earth’s crust showing the fractures
at the intersection of two zones of fracture concentration. Note
the increased number of fractures.

Source: Modified after U. S. Department of the Interior (1978) PLATE NO. 25
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Bored and Dug Wells

Bored wells are best suited to domestic needs and can be easily
developed in this county due to the thick saprolite (decomposed
igneous and metamorphic rock) zone overlying bedrock. The terms
"bored" and "dug" frequently are used interchangeably, but actually
they refer to two different types of wells. Dug wells are constructed
by hand, usually with a pick and shovel, are usually greater than
24 inches (610 mm) in diameter, and generally are shallow. They
normally extend just a few feet (metres) below the water table and
must be lined with stone, brick or concrete to prevent caving. The
lining must be sealed to prevent contamination. Dug wells offer the
advantages of being simple to construct and relatively inexpensive.
However, they are difficult, if not impossible, to protect from
contamination, and frequently go dry during periods of drought or
during periods of heavy pumping.

Bored wells essentially are the same as dug wells except that
they are constructed using hand or power augers. Bored wells seldom
penetrate to depths greater than 100 feet (30 m). They generally are
24-30 inches (610-762 mm) in diameter, but may be as small as a few
inches (millimetres) in diameter. Like dug wells, bored wells must
be lined and sealed to prevent caving and contamination. They, too,
are especially susceptible to fluctuating water tables and frequently
go dry during periods of drought.

Drilled Wells

Drilled wells constitute the most common type of well found
throughout Albemarle County. They normally are much deeper than
. bored wells and usually are no more than 6 to 8 inches (152 to 203 mm)
in diameter for all but large public and industrial water supplies.
Drilled wells may be constructed using either percussion or rotary
techniques, or variations and combinations of the two.

Percussion, or cable-tool, drilling rigs penetrate through rock
by alternate raising and lowering of a large bit attached to a steel
cable. As the bit is lowered and strikes the bottom of the well,
small chips of rock are dislodged and crushed. Cable-tool drilling
offers the advantage of easy detection of water-bearing strata, since
the slurry used to remove cuttings from the well normally does not
seal off water zones. For this reason, wells drilled in this manner
may not penetrate to depths as great as wells drilled by rotary methods,
and the consumer may realize a substantial savings in per-foot (per-
metre) charges. However, cable-tool rigs are capable of drilling only
a few feet (metres) a day, so it usually involves a period of weeks
to drill and develop a well by this method.

Rotary drilling rigs cut rock by the rotating action of the drill

stem, As the drill stem turns in the hole, the bit cuts or crushes
the rock, depending on the type of bit used. Rotary rigs are capable
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of drilling at much faster rates than percussion rigs, but it is some-
times difficult to identify a water-bearing zone because the fracture
may be sealed off with drill cuttings or drilling fluid.

A hydraulic rotary rig uses water or a special "mud" formula as
drilling fluid. The fluid is forced down the center of the drill
pipe and blows across the bit onto the rock face. The fluid cools
and cleans the bit, and removes rock chips from the rock surface so
the cutting action of the bit will not be impeded. The cuttings and
fluid are forced up the hole in the space surrounding the drill stem,
thereby keeping the bore hole clear of debris.

An air rotary rig operates on much the same principle as the
hydraulie rig, except that air is the drilling fluid. Roller bits,
also used in hydraulic rotary situations, are common, as are down-
hole hammers. A down-hole hammer is a tool similar to a pneumatic
hammer which causes a percussion-type bit to pound the rock surface
as the drill stem is rotating. The effect is a combination of rotary
drilling and cable-tool drilling. Air rotary rigs are the type most
commonly used in Albemarle County.

Increasing Well Storage

Wéll depth and diameter govern the volume of water storage
available in a well. In cases where the yield is not sufficient
to supply the consumer's needs, well storage can be increased by
drilling a larger diameter hole and/or deepening the well. Table 3 )
gives per-foot water volume storage values for various well diameters.

TABLE 3
INFLUENCE OF CASING DIAMETER AND DEPTH ON WATER STORAGE

Volume of water stored in
water-filled casing length

Nominal Storage

casing Inside per ' 50" 75' 100’

. size diameter linear ft. section section section
4" 4.03" 0.66 gal 33 gal 49.5 gal 66 gal
5" 5.05" 1.04 gal 52 gal 78 gal 104 gal
6" 6.07" 1.50 gal 75 gal 113 gal 150 gal
8" 8.07" 2.66 gal 133 gal 200 gal 266 gal

10" 10,19" 4.24 gal 212 gal 318 gal 424 gal
12" 12.09" 5.96 gal 300 gal 447 gal 600 gal
14" 13.25" 7.16 gal 358 gal 537 gal 716 gal
15" 14,.25" 8.29 gal 415 gal 622 gal 830 gal
16" 15.25" 9.49 gal 475 gal 712 gal 949 gal
18" 17.18" 12.05 gal 603 gal 904 gal 1206 gal
20" 19.18" 15.01 gal 751 gal 1126 gal 1501 gal

Source: Water Well Journal (1978)
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DEPTH OF PUMP INTAKE DETERMINES AMOUNT OF
WATER AVAILABLE TO THE SYSTEM

N USEABLE
TORAGE

} PUMP INTAKE 350°
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Source: Virginia State Water Control Board — VRO PLATE NO. 26

The depth at which the pump intake is set determines the volume
of water which can be used from well storage. If a pump intake is
set at 100 feet (30 m) in a 400-foot (122-m), six-inch (152-mm)
dlameter well whose static water level is 50 feet (17 m), 75 gallons
(0.28 m ) of stored water will be available to the system. However,
if the pump intake is set at 350 feet (107 m), 450 gallons (1.7 m 3
of stored water will be available to the system (Plate 26). The
common problem of a well "going dry" during summer months usually is
a matter of the water level dropping below the pump intake, while
the well still has a significant amount of water remaining in it.

SUMMARY ANP CONCLUSIONS

Adequate ground water supplies for domestic, public and industrial
use can be developed in most areas of Albemarle County. Ground water

quantity and quality are relatively consistent throughout the county,
though differing geologic and topographic conditions result in some
variation.
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Topography is the most imporxtant criterion in selecting a well
site in Albemarle County. The most productive wells normally have
been drilled in draws and flats, and wells at these locations usually
are drilled to lesser depths than those at other positions on the land-
scape. Several wells with yields up to 150 gpm (9.5 1/s) have been
developed along the base of Carters Mountain and the Southwestern
Mountains. Well yields in the southern half of the county are notice-
ably lower than those developed in the northern half of the county.

Wells located in the metavolcanic rocks comprising the Catoctin
Formation appear to offer the best ground water potential in Albemarle
County. Present development in the eastern belt suggests this area
offers better potential than the belt extending along the east slopes
of the Blue Ridge. Hardness of ground water from the metavolcanic
rocks is greater than from any other rock types across the county.

Wells developed in the metasedimentary rocks in the eastern part
of the county offer the lowest ground water potential. Over half of
the wells produce less than 5 gpm (0.3 1/s), and water-bearing fractures
generally are not encountered deeper than 200 feet (61 metres) below
the land surface. ' o

The most common form of ground water pollution in Albemarle County
involves underground leakage of petroleum products. The reported cases
have involved only one or a few wells. No areas of extensive ground
water contamination have been identified.

Total ground water use throughout the county approaches 3 MGD.
Approximately 47 percent of the county's population is supplied by
ground water. Approximately 500,000 gpd (1,893 m3/d) is withdrawn by
public ground water systems. The largest ground water user, Morton
Frozen Foods at Crozet, withdraws approximately 120,000 gpd (454 m3/d).
Industrial ground water use is relatively insignificant.

Ground water development for all types of water use, excepting some
large industrial and public facilities, is possible in Albemarle County.
Wells capable of producing in excess of 150 gpm (9.5 1/s) can likely be
developed in many areas of the county, with priority being placed on the
metavolcanic rocks of the Catoctin Formation. The Catoctin Formation
consistently produces more water than any other formation in the county.
By utilizing proven hydrogeologic prospecting techniques, such as
fracture-trace analysis, high-yield wells of acceptable water quality
can be developed in Albemarle County.
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APPENDIX A

Ground Water Development in Albemarle County
The accompanying map (Plate 27) shows locations of approximately
90 selected wells throughout the county. The wells shown on Plate 27

may be cross-referenced with Appendixes B and C for well construction
data and ground water quality data, respectively.
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APPENDIX B

Summary of Water Well Data for Albemarle County

The computer primtout on the following pages lists basic construc-
tion and hydrologic data for nearly 600 wells and springs in Albemarle

County. Many wells and springs included in this listing may be cross-
referenced with Appendixes A and C.
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APPENDIX C

Summary of Ground Water Quality Analyses for Albemarle County

The computer printout on the following pages lists over 200 basic
ground water quality apalyses for water samples collected from wells
and springs in Albemarle County. All information in this printout may
be cross-referenced with well construction and hydrologic data con-
tained in Appendix B. Well locations for some analyses may be found
on Plate 27, Appendix A. A discussion of the parameters may be found
in Appendix D.
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Constituent

Calcium

Chloride

Fluoride

Hardness
(as CaCO3)

Iron

Magnesium

Manganese

Nitrate

pH

Potassium

Sodium

Solids
(Total Dissolved)

Specific
Conductivity

Sulfate

APPENDIX D

TABLE 4

MAJOR CHEMICAL CONSTITUENTS IN GROUND WATER

Maximum Recommended

Concentration (gg/l)*
200

#%250 (Aesthetics)

*%]1.8 (Health)

0-60 Soft
61-120 Mod. Hard
121-180 Hard
181+ Very Hard

#%0,3 (Aesthetics)

150

*%0.05 (Aesthetics)

#%10 as N (Health)

*%6.5-8.5 (Aesthetics)

1000-2000

100

*%500 (Aesthetics)

1000

*%250 (aesthetics)

Remarks

Seldom a health concern; may be a diéadvantage in washing, laundry,
bathing; encrustations on utensils

Taste is a major criterion; generally not harmful unless in very high
concentrations, but may be injurious to sufferers of heart and kidney
diseases; sea water is 19,000 mg/l

Presence of about 1.0 mg/l may be more beneficial than detrimental;
concentrations less than 0.9 to 1.0 mg/l will seldom cause mottled
enamel in children's teeth; extreme doses (2.5 to 4 gram:) may cause
death <

Hard waters have had no demonstrable harmful effects upon the health
of consumers; major detrimental effect is economic—-valuas above
100 mg/1 become increasingly inconvenient; wastes soap and ‘causes

utensil encrustation

Essential tc nutrition and not detrimental to health unlass in con—
centrations of several milligrams; main problems are bad taste,
staining and discoloration of laundry and porcelain fixtures

Not a healtk hazard because taste becomes extremely unpl:asant before
toxic concentrations reached; may have laxative effect o1 new users

Essential to nutrition but may be toxic in high concentrationsj taste
becomes problem before toxic concentrations reached; undesirable be-
cause it causes bad taste, deposits on cooked food, stains and dis-
colors laundry and plumbing fixtures

May be extremely poisomous in high concentrations; may c.ause disease
in infants ("blue baby"); irritates bladder and gastroin:estinal
tract, may cause diarrhea

Indicates whether solution will act as an acid or base; water acquires
"gour" taste below 4; high values favor corrosion comtrol; efficiency
of chlorination severely reduced when pH above 7

May act as a laxative in excessive quantities

May be harmful to sufferers of cardiac, circulatory, or kidney disease;
concentrations as low as 200 mg/l may be injurious

Not a health hazard above 500 mg/l, but may impart disagreeable taste,
corrode pipes; general indicator of the amount of minerals in water

An indicator of the amount of dissolved solids in water; high concen-
trations car cause corrosion of iron and steel

Above 250 mg/1 may act as laxative on new users; may impart foul taste
and odor

*Recommended concentrations based on current literature; pH measured in units, Conductivity in micromhos

*%Actyal limits established by the Virginia Department of Heaith; parentheses () indicate basis for limit

Source: Modified after McKee and Volf (1963), Hem (1970), Virginia Department of Health (1977)

84




APPENDIX E
Ground Water Quality Standards and Criteria

Amendment to Water Quality Standards
Virginia State Water Control Board

Effective: August 1, 1977

Pursuant to Section 62.1-44.15(3) of the State Water Control Law (Chapter
3.1 of Title 62.1, Code of Virginia, 1950, as amended)

5.00 Ground Water Criteria and Standards

Ground water quality standards will apply statewide, and will apply
to all ground water occurring at and below the uppermost seasonal
limits of the water table. In order to prevent the entry of pol-
lutants into ground water occurring in any aquifer, a soil zone

or alternate protective measure or device sufficient to preserve
and protect present and anticipated uses of ground water shall be
maintained at all times. Zones for mixing wastes with ground
water may be allowed upon request, shall be determined on a case-
by-case basis, and shall be kept as small as possible.

It is recognized that natural ground water quality varies state-
wide. Four physiographic provinces have been determined for
application of standards, namely the Coastal Plain, Piedmont and
Blue Ridge, Valley and Ridge, and Cumberland Plateau. (See
Plate 28)

If the concentration of any constituent in ground. water is less
than the limit set forth by ground water standards, the natural
quality for that constituent shall be maintained; natural quality
shall also be maintained for all constituents, including tempera-
ture, not set forth in any ground water standards. If the
concentration of any constituent in ground water exceeds the
standard for that constituent, no addition of that constituent

to the naturally occurring concentration shall be made. Variance
to this policy will not be made unless it has been affirmatively
demonstrated that a change is justifiable to provide necessary
economic or social development, that the necessary degree of
waste treatment cannot be economically or socially Justified,

and that the present and anticipated uses of such water will be
preserved and protected.
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Source: Virginia State Water Control Board — BWCM
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TABLE 6

GROUND WATER QUALITY STANDARDS
(See Plate 28)

Statewide Standards

Constituent Concentration
ArseniC.....coeececrccsnosses esevssesasansnns ceeecocssaas ...0.05 mg/l
Barium.:oeooreoeonocnnaans ceeraenaeas ceeseens cesrecsesenan L.1.0 mg/l
Cadmium. . coeeeeneenosascssnnsancnnsaas veseenon Ceersessaaeans 0.4 ug/l
CRTOMAUM. ¢ oo oo vennooosononsoasnssassonsssssonssassscssssscs 0.05 mg/l
COPPET et enessnsssasososssasessnsascsssossconnes eesescanenan 1.0 mg/l
Cyanide....coveveenecanes e reeenecetcanstsanannons ceecssana 5.0 ug/l
Foaming ‘Agents as Methylene Blue :

ACtive SUDSEANCES..vveeeeeerareosascascnans ceceen Cereeeaas 0.05 mg/l
LA ot oo voeannnaoesosanccessccstssssassacacsnssnsosascnsnss 0.05 mg/l
METCULY e e evaeeneassasossesoesnnsnnnns Cheeenesteeans Ceeeeesas 0.05 ug/l
Petroleum HydrocarbonS..eeeeeeeeeeeeecossnsccccecns cereeanas 1.0 mg/l
Phenols........ teecesireceasasnaeseen Ceessssasnes Cereesaanae 0.001 mg/1
SElENiUmMe s veeceoseceeseonsssescssssssasosnasansonns ceeeenans 0.01 mg/l
SilVeT.eeeesectsocanncsossoosossssssansssns heneee tecessasasan 0.00
/% 1+ Y~ 0.05 mg/l
Chlorinated Hydrocarbon Insecticides

‘Aldrin/Dieldrin..ceeeeseessesssssscccscsssnssscssssccnssios 0.003 ug/1

Chlordane.....eeeeecevas teeessesaesisasnectsssannsersenans 0.01 ug/l

DDTeeernerenennns e 0.001 ug/1

T aYs G & » YR P 0.004 ug/1

HEpPtaAChloT. sseeeeseesnsossnessssacnsacossossesssanaasoass 0.001 ug/1

Heptachlor EpoxXide....ceceveeesccasnoocsccscsnvcacosnnsnnse 0.001 ug/1

Kepone....... eessceieaseasssnases cesessensesness teeseeses 0.00

LAindane. c o coveenooneoennnsoncoosasssanessosconosascoansons 0.01 wug/l

MethoxychloT.eveseoeeeeeaanns e e sseseenseceessasonssanseenas 0.03 ug/1l

ML @K e oeseeoeonasossasaassssssssnasavoastssssssssssnsasonas 0.00

Toxaphene...ceececeesesse B E R R eees 0.00
Chlorophenoxy Herbicides

N 1 J A R R eeenss 0.1 mg/l

2,4, 5=TP ey eeerecnnocsaninnonsans Ceeeeseerenacteseanstanans 0.01 mg/l
Radioactivity

GroSS Bet@.e.ecesesescoesssnasonss Ceeeessseensaseeseann 1000.0 pc/l

RAAIUM 22600 cueveecncenecnceeesnsssasssessessassasossenans 3.0 pc/l

SErontium 90...veeeeereceoessssssccasoccnososssansasscssss 10.0 pc/l

Concentration in the

Coastal Piedmont & Valley & Cumberland
Constituent _Plain Blue Ridge * Ridge Plateau
Ammonia Nitrogen 0.025 0.025 0.025 0.025 mg/1
Nitrate Nitrogen 5.0 5.0 5.0 0.5 mg/l
Nitrite Nitrogen 0.025 0.025 0.025 0.025 mg/1
pH 6.5-9.0 5.5-8.5 '6.0-9.0 5.0-8.5
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ARPENDIX F
TABLE 7

PLANNING GUIDE FOR WATER USE

Types of Establishments "~ " Gallons per day

ALTpPOTtS (Per PASSENZET) . stuuereenreeecsaoesossscososnsncanseensssd=5
Apartments, multiple family (per resident).......eceeeeeeeeceseesss. 60
Bath houses (per bather)....... P (¢
~ Camps: '
Construction, semipermanent (per WOTrKer)..eeeee.e... tersssecsansesdO
Day with no meals served (per camper);............................15
Luxury (per camper)......eeeececo. teescasacaenana eressssessesl00-150
Resorts, day and nlght, with limited plumbing (per camper)........50
Tourist with central bath and toilet facilities (per person)......35
Cottages with seasonal occupancy (per resident).....eeceececeeeeseess50

Courts, tourist with individual bath units (per person)....... . 11
Clubs:
Country (per resident member)............ R eeeee100
Country (per nonresident member present)....... ceesteneaes cessenendlD
Dwellings: ‘
Boardinghouses (per boarder)....eeeeeees. S, . 1]
Additional kitchen requirements for nonresident boarders..... ...10
Luxury (Per Person)..,eceeeeees.. s X [ T 10
Multiple-~family apartments (per reSident).....eveeeceeoceeeeeesssdO
Rooming houses (per resident).......... tesssessatanas P 14
Single family (per resident)....... ceereceas cemcetesees cecenene 50-75
Estates (per resident)....coeeeeeenennnennsns ceeseesssersensassa100-150
Factories (gallons per person per Shift)....eeeeeeeecees seeessessl5=35
Highway rest area (per pPersomn)......eeeecseeeccees .
Hotels with private baths (2 persons per roOm)....seeeeeeeeeesens «s+60
Hotels without private baths (pPer Person)....eeeeceecescecssees R 1¢)
Institutions other than hospitals (per person)............. ceeea?5-125
Hospitals (per bed).....veveeun. Creeseecneeans tetesseeseaeess250-400

Laundries, self-serviced (gallons per washing, i.e., per customer)..50
Livestock (per animal):

Cattle (ArinKing).ueeseeioveneeneneeeneoeeneoocaonnoannns ceesenans 12
Dairy (drinking and servicing).......... crreereons teveartenenne +2.35
Goat (drinking)...... Cesvesannas eaenenn Ceeetcrsansennans ceseenane a2
Hog (drinking)....ceeeeunenn.. Gt eeetteesstsattsesesaanann crseasasnech
Horse (drinking).....v.iveeeeen. shectansstana P 4
Mule (drinking)..eeeeeeeeccneecnnss P 4
Sheep (Arinking).c.veeeeeeeeeeeenreeoensonsnecess O

Bteer (Arinking) .eueueeeeeeeeeseneeeseecensassoecensonoasoonsnneessl2
Motels with bath, toilet, and kitchen facilities (per bed space)....50
With bed and toilet (Per bed SPACE).ceeereceecrscencacaascosenensssdl
Parks:
Overnight with flush toilets (per camper)...... s
Trailers with individual bath units, no sewer connection
(GT=3 o o5 o B S o R PSS 1|
Trailers with individual baths, connected to sewer (per person)...50
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Picnic:
With bathhouses, showers, and flush toilets (per picnicker).......20
With toilet facilities only (gallons per picnicker)..evececanass. 10

Poultry:
Chickens (per 100)...cceenceesaceascsasosssasosscanorsccacsncccces 5-10
Turkeys (per 100).................................-............10—18
Restaurants with toilet facilities (per patrom).ccceecseccesecess .7-10

Without toilet facilities (per patron)..........................2%—3

With bars and cocktail lounge (additional quantity per person).....2
Schools:

Boarding (per pupil)........ crevene Ceeescasessecasansarcssssess?5=100

Day with cafeteria, gymnasiums, and showers (per pupil)..... eesesel

Day with cafeteria but no gymnasiums or showers (per pupil).......20

Day without cafeteria, gymnasiums, or showers (per pupil).........15
Service stations (per VEhLCL1e) e eeeeeoroannnvecsacssassonacssosssasasll
Stores (per toilet room)....ce.c.. P Lo |
Swimming pools (per swimmer)........................................10
Theaters:

Drive-in (per car space)...........................................5

Movie (per auditorium seat)........................................5
Workers: :

Construction (per person per shift)..... shesesacenas F . 11

Day (school or offices per person per shift)eecesveocns sreessesens 15

Source: U.S. Environmental Protection Agency (1974)

90




GLOSSARY, OF TERMS

AQUIFER: A geologic formation, group of formations
or part of a formation capable of supplying
water to wells and springs in usable quanti-
ties. An aquifer isunconfined (water table)
or confined (artesian) depending on whether
the ground water level is at atmospheric
pressure or greater than atmospheric pressure
due to the presence of an overlying, con-
fining geologic formation (aquiclude).

BASALT: A general term used to define any fine-
grained, dark-colored igneous rock.

BEDROCK ; Any solid rock exposed at the surface or
overlain by unconsolidated materials.

CATACLASTIC ROCK: Metamorphic rock whose texture or structure
is caused by the bending, breaking and
granulation of the mineral within the rock.

CONGLOMERATE ; ; A clastic rock composed of rounded pebbles
, cemented together by another mineral.
CRYSTALLINE ROCK: General term describing an igneous or
metamorphic rock as opposed to a sedimentary
rock.
DRAWDOWN : The measured difference between static level

and pumping level in a well; the drop in
the water level due to pumping.

EVAPOTRANSPIRATION: A term embracing that portion of the
precipitation returned to the air through
direct evaporation or by transpiration of
vegetation, no attempt being made to dis-
tinguish between the two.

FAULT: A fracture or fracture zone along which
there has been movement of two rock masses
relative to one another parallel to the
fracture. The movement may be a few ,
inches or many miles, horizontal or vertical.

FORMATION: A unit of geologic mapping consisting of a
recognizable stratum or set of strata useful
for mapping or description.

FRACTURE: Any break in a rock due to mechanical
failure by stress. '
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FRACTURE TRACE;: The surface expression of a zone of ;
structural weakness which may be identi-
fied by the alignment of valleys, vegetation
types, sinkholes, or other surface depressionms.

GNEISS: A coarse-grained rock formed by regional
metamorphism in which bands of granular
minerals alternate with bands of flaky
(schistose) minerals.

GROUND WATER: Water below the water table; water in the
zone of saturationm.

HYDROGEOLOGY : The science which deals with subsurface
waters and related geological aspects of
surface waters.

HYDROLOGY : The science that relates to the waters of
the earth.
IGNEOUS Rocks or minerals that solidified from

molten rock (magma).

IMPERMEABLE: Having a texture which does not allow per-
ceptible movement of water through rock.

INTRUSIVE: Refers to igneous rocks which have penetrated
into or between older rocks while molten but
which have solidified before reaching the
surface.

JOINT: A fracture in rock along which no appreciable
movement has occurred. Joints are generally
perpendicular to bedding planes.

LIMESTONE: A bedded sedimentary rock‘consisting chiefly
: of calcium carbonate (CaC03).

LITHOLOGY: The composition and structure of rock.

METAMORPHIC: Refers to any rocks derived from pre-existing

rocks in response to pronounced changes of
temperature, pressure and chemical environ-
ment.

METASEDIMENTARY: Refers to sedimentary rocks which have been
partly metamorphosed.

METAVOLCANIC: Refers to volcanic rocks which have been
partly metamorphosed.

PERCOLATTION: Movement of water through the interstices
of rocks or soils, except movement through
large openings such as solution channels.
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PERMEABILITY;
POROSITY:
PUMPING LEVEL:
QUARTZITE:
RECHARGE:
RIVER BASIN:
RUNOFF :
SANDSTONE :

SAPROLITE:

SEDIMENTARY ROCK:
SHALE:
SLATE:

STATIC LEVEL:

UNCONSOLIDATED SEDIMENT:

WATER TABLE:

The ability of a rock, sediment or soil to
transmit water,

The property of a rock, soil, or other
material of containing spaces or voids.

Depth to water in a Weli when the well is
being pumped. :

A metamorphic rock consisting principally of
quartz.

The addition of water to an aquifer by
natural infiltration or artificial means.

The area drained by a river and its tribu-
taries.

That part of precipitation that flows in
surface streams.

A sedimentary rock composed chiefly of
quartz grains.

Earthy, clay-rich material formed in place
by the decomposition of igneous and meta-
morphic rocks.

Rock formed from the consolidation of layered
sediments that have accumulated in water.

A fine-grained sedimentary rock formed from
the consolidation of clay, silt or mud.

A fine-grained metamorphic rock, usually
formed from shale or volcanic ash.

Depth to water in a well when the well is
not being pumped.

A sediment that is loosely arranged or unstrati-
fied, or whose particles are not cemented to-
gether.

The upper surface of the zone of saturation;
the upper surface of ground water which is
at atmospheric pressure.
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